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(54) Retransmission control method of CDMA mobile communication 



(57) In CDMA mobile communication of the packet 
switching mode which is one-way, the packet is trans- 
mitted to divide to a frame unit, in this time, the first, the 
second and the third transmission timing which are ob- 
tained to divide to three pieces the predetermined frame 
are set up for increasing the transmission efficiency by 
realizing the retransmission of the frame unit, as the 
transmission timing of a backward control signal in a 
backward channel,. Base station 100 transmits a for- 
ward signal (a forward control signal and an user data 
signal) by using code A (a forward channel) at any 
frame. When the forward signal is received at this frame 



by mobile station 70, mobile station 70 transmits a re- 
ceiving acknowledgment signal (a backward control sig- 
nal) of the forward signal by using code A* at the first 
transmission timing of the next frame. Conversely, when 
the forward signal is not received correctly, mobile sta- 
tion 70 transmits a retransmission request signal (the 
backward control signal) of the forward signal by using 
code A' at the first transmission timing of the next frame. 
The similar operation carries out in mobile stations 80 
and 90. However, in this case, the transmission timing 
of the backward channel is the second or the third tim- 
ing. 
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Description 

Technical Field 

[0001] The present invention relates to a retransmis- 
sion control method and to a mobile communication sys- 
tem employing the method, for use in the case where 
data communications are carried out between a base 
station and a plurality of mobile stations and the mobile 
communication employs CDMA (Code Division Multiple 
Access). 

Background Art 

[0002] In mobile communications, in the case of data 
communication in which retransmission control is car- 
ried out, it has been the conventional practice to adopt 
full duplex communication for a circuit switching mode 
which employs equal capacity channels which operate 
in opposite directions. Fig. 7 is a block diagram showing 
a structural example of a conventional mobile data com- 
munication system. This figure will now be used to ex- 
plain the method by which terminal 11 of mobile station 

10 transmits data to terminal 61 which is connected to 
a public telephone network. However, since terminal 11 
and terminal 61 may be connected using a well-known 
procedure such as one determined according to RCR 
STD-27C, the digital automobile telephone system 
standard in Japan, for example, the following explana- 
tion will address a data transmission method where a 
full duplex line is already established between terminal 

11 and terminal 16. 

[0003] First, terminal 11 of mobile station 10 supplies 
data (user data) to be transmitted to data communica- 
tion unit 12. Data communication unit 12 forms a data 
frame which is used with radio transmission by adding 
an error detecting code and an error correction code to 
the user data which is supplied from terminal 11 . Data 
communication unit 12 supplies a signal of the data 
frame to transmission and transmitter-receiver 13, and 
simultaneously records the user data for the retransmis- 
sion. Transmission and transmitter- receiver 13 modu- 
lates the signal supplied from data communication unit 
12, and transmits the modulated signal to base station 
40. Transmission and transmitter- receiver 41 of base 
station 40 receives the modulated signal, demodulates 
the received signal, and then supplies the demodulated 
signal to control station of base station 50. Switching 
apparatus 51 of control station 50 relays a signal which 
is supplied from transmission and transmitter-receiver 
41 to data communication unit 52. 
[0004] Data communication unit 52 demodulates the 
user data : the error correction code and the error de- 
tecting code in the relayed signal (signal of aforemen- 
tioned data frame). When data communication unit 52 
is able to determine that there is no error in the user 
data, data communication unit 52 transforms the de- 
modulated user data to a signal format for the public tel- 



ephone network, and outputs the transformed data to 
terminal 61 through the public telephone network. On 
the other hand, when data communication unit 52 de- 
termines that the user data has an error, data commu- 

5 nication unit 52 carries out retransmission between itself 
and data communication 12 of mobile station 10. In this 
way, then, retransmission control is carried out between 
data communication unit 1 2 of mobile station 1 0 and da- 
ta communication unit 52 of control station 50. 

10 [0005] Next, an explanation will be made of a conven- 
tional retransmission control method. Fig. 8 is a concep- 
tual diagram showing the frame constitution of data (sig- 
nal) which is transmitted and received between data 
communication unit 1 2 and data communication unit 52. 

15 An explanation will now be made of the operation of data 
communication unit 12 with reference to Fig. 8. 
[0006] Data communication unit 12 first adds a for- 
ward control signal and a backward control signal to the 
user data upon receiving the user data from terminal 1 1 . 

20 The forward control signal is a signal used in retrans- 
mission control which is carried out when data commu- 
nication unit 52 of control station 50 does not correctly 
receive transmitted data from data communication unit 
12. In general, the forward control signal consists of a 

25 frame numberfor the transmitted data and a retransmis- 
sion signal recognition bit. The backward control signal 
is a signal for reporting to data communication unit 12 
whether or not data communication unit 52 of control 
station 50 was able to receive the transmitted data cor- 

30 rectly. In general, the backward control signal consists 
of a frame number for the received data or the data 
which failed to be received, and the receiving (ACK)/ 
non-receiving (NAK) recognition bit. 
[0007] Next, data communication unit 12 adds an er- 

35 ror detecting code to the data unit, the data unit consist- 
ing of the user data signal the forward control signal 
and the backward control signal. In otherwords, the data 
unit is encoded with an error detecting code. Data com- 
munication unit 12 forms a frame by encoding the data 
unit, which was encoded with an error detecting code, 
with an error correction code, and supplies the signal of 
the frame to transmission and transmitter- receiver 13. 
[0008] Fig. 9 is a timing chart showing an example of 
the exchange of a transmission signal when data is 

45 transmitted and received using the frame construction. 
In Fig. 9, the transmitted frames from data communica- 
tion unit 12 are sequentially 'designated frame A1 , frame 
A2 ; ... , while the transmitted frames from data commu- 
nication unit 52 are sequentially designated frame B1 , 

50 frame B2 The signals to betransmitted in orderfrom 

data communication unit 1 2 are designated forward sig- 
nal a1 , forward signal a2, and the signals to be trans- 
mitted sequentially at each frame from data communi- 
cation unit 52 are designated forward signal b1 , b2, .... 

55 Each forward signal contains the user data signal and 
the forward control signal, and is transmitted after the 
backward control signal has been added thereto. 
[0009] In Fig. 9, data communication unit 1 2 of mobile 
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station 1 0 first transmits forward signal a1 at frame A1 , 
next transmits forward signal a2 at frame A2, and then 
transmits forward signal a3 at frame A3. Data commu- 
nication unit 12 also receives forward signal b1 and 
backward control signal ACKal which are transmitted 5 
at frame B1 from data communication unit 52 of control 
station 50 in time with the transmission at frame A3, and 
confirms the details of the received signal. Herein, re- 
ceived backward control signal ACKal is the receiving 
acknowledgment signal of signal a1 , and indicates that to 
forward signal a1 was received correctly by data com- 
munication unit 52. When data communication unit 12 
correctly receives forward signal b1 , data communica- 
tion unit 12 adds a receiving acknowledgment signal 
(backward control signal ANKbl ) for forward signal b1 15 
to forward signal a4 at frame A4, and transmits this sig- 
nal. At this time, data communication unit 12 receives 
forward signal b2 and the backward control signal which 
were transmitted at frame B2 from data communication 
unit 52 of control station 50. 20 
[0010] Backward control signal NAKa2 is a retrans- 
mission request signal for forward signal a2, and indi- 
cates that forward signal a2 was not received correctly. 
Therefore, in the next transmission timing (frame A5), 
forward signal a2 is transmitted again. However, forward 25 
signal b2 was received correctly, so that backward con- 
trol signal ACKb2, which is the receiving acknowledg- 
ment signal of forward signal b2, is added to forward 
signal a2 of the retransmission procedure. 
[0011] The above-mentioned operation is carried out 30 
in the same way simultaneously in data communication 
unit 52 of control station 50, with two-way data commu- 
nication carried out using the same channel (line). 
[0012] As described above, it has been the conven- 
tional practice to adopt a full duplex communication for 35 
the circuit switching mode in the case of data commu- 
nications employing a retransmission control method in 
mobile communications, with the backward control sig- 
nal for controlling retransmission transmitted on the 
same channel as the forward signal (forward control sig- *o 
nal and user data signal). However, it is generally rare 
that the traffic in data communications occurs at the 
same time in two directions. Rather, one-way data trans- 
mission is more frequent. Therefore, in the conventional 
method, a dummy signal is frequently transmitted in one 45 
direction of the full duplex line, giving rise to the problem 
that the utilization efficiency of the radio line is low. 
[0013] As a method for resolving this problem, adop- 
tion of one-way communication in the packet switching 
mode may be considered. One popular method of one- 50 
way communication in the packet switching mode is a 
retransmission control method which carries out re- 
transmission of every packet or every message in the 
upper layer. However, this method has disadvantages 
in that the retransmission unit is large, and the transmis- 55 
sion efficiency of the radio line is low. For example, a 
wireless LAN (Local Area Network) is able to realize 
packet data communication in the interval for radio, but 



adopts a retransmission control method for packet units. 
As a result, this method is applied under conditions of 
low transmission efficiency (see, for example, K. Pahl- 
avan, 'Trends in Local Wireless Data Networks", IEEE 
Vehicular Technology Conference 1996). 

Disclosure of Invention 

[0014] The present invention was developed in con- 
sideration of the above circumstances, and has as its 
objective the provision of a retransmission control meth- 
od and a mobile communication system, wherein, in the 
case of data communication in the packet switching 
mode in one direction only in CDMA mobile communi- 
cations, retransmission of the frame unit which divides 
packets is realized and the transmission efficiency is 
high. 

(1) A retransmission control method of CDMA mo- 
bile communication which carries out the transmis- 
sion of the user data by CDMA method between a 
base station and a plurality of mobile stations, 
wherein 

a transmission side of said user data trans- 
mits a signal wh ich contains said user data at a pre- 
determined time unit by using a forward channel, 

a receiving side of said user data judges 
whether there is a signal which is received correctly 
or not, on the basis of a receiving condition of a sig- 
nal which passes through saidforward channel, and 
sends back a backward control signal which re- 
quests the retransmission of a signal, which is not 
received correctly, by using a backward channel, if 
there is a signal which is not received correctly, 

said transmission side of said user data re- 
transmits a signal of said predetermined time ac- 
cording as a contents of said backward control sig- 
nal which is sent back through said backward chan- 
nel, and 

an unique spread code is assigned to each 
channel respectively. 

(2) A base station apparatus of CDMA mobile com- 
munication which carries out the transmission of an 
user data by CDMA method between a plurality of 
mobile stations, wherein 

when said base station apparatus transmits 
said user data, said base station apparatus trans- 
mits a signal containing said user data at a prede- 
termined time unit by using a forward channel, and 
retransmits a signal of said predetermined time 
which is requested by a backward control signal 
which is sent back through a backward channel, 

when said base station apparatus receives 
said user data, said base station apparatus judges 
whether there is a signal which is received correctly 
or not, on the basis of a receiving condition of a sig- 
nal which passes through said forward channel, and 
sends back a backward control signal which re- 
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quests the retransmission of a signal, which is not 
received correctly ; by using a backward channel, if 
there is a signal which is not received correctly, and 
an unique spread code is assigned to each 
channel respectively. 

(3) A mobile station apparatus of CDMA mobile 
communication which carries out the transmission 
of an user data by CDMA method between a base 
station, wherein 

when said mobile station apparatus trart5>mits 
said user data, said mobile station apparatus Trans- 
mits a signal containing said user data at a prede- 
termined time unit by using a forward channel, and 
retransmits a signal of said predetermined time 
which is requested by a backward control signal 
which is sent back through a backward channel, 

when said mobile station apparatus receives 
said user data, said mobile station apparatus judg- 
es whether there is a signal which is received cor- 
rectly or not, on the basis of a receiving condition of 
a signal which passes through said forward chan- 
nel, and sends back a backward control signal 
which requests the retransmission of a signal, 
which is not received correctly, by using a backward 
channel, if there is a signal which is not received 
correctly, and 

an unique spread code is assigned to each 
channel respectively. 

[0015] In the above-mentioned (1)-(3), in the case 
where data communication in the packet switching 
mode is carried out in one direction only in CDMA mobile 
communications, retransmission at time units (a frame 
unit) which subdivide a packet is realized, while retrans- 
mission control having high transmission efficiency can 
be carried out. 

[001 6] Furthermore, if a time division technique is em- 
ployed so that the backward control signal for each mo- 
bile station does not overlap, then all the mobile stations 
can use one backward channel in common, making ef- 
fective channel use possible. 

[001 7] Furthermore, even in the case where a plurality 
of the backward channels are used, it is possible to de- 
crease the probability of interference occurring by con- 
trolling so that the transmission timing and the receiving 
timing of the backward control signal in each backward 
channel do not become concentrated. The transmission 
timing and the receiving timing may be set for each 
backward channel or for each mobile station. Addition- 
ally, it is possible to set the transmission timing and the 
receiving timing in advance for each mobile station. In 
this case, the timing control of the retransmission be- 
comes easy. 

[0018] Furthermore, the base station may set the 
transmission timing and the receiving timing of the back- 
ward control signal in the backward channel. In this 
case, it is possible to realize optimal timing control, with- 
out deviation. This effect increases by carry out sched- 



ule management of the backward control signals to be 
transmitted. 

[0019] Furthermore, it is possible to decrease the 
transmission power by designating the spread code of 

5 the backward channel to be a code having a higher 
processing gain than the spread code of the forward 
channel , although the transmission time in the backward 
channel then becomes longer. Moreover, it is possible 
to reduce to a low level the likelihood that traffic concen- 

10 trates by lengthening the transmission time and evening 
out the traffic, even without strictly setting the transmis- 
sion timing and the receiving timing of the backward 
control signal in the backward channel. 

15 Brief Description of Drawings 

[0Q20] 

Fig. 1 is a block diagram showing the structure of a 
20 mobile communication system of a preferred em- 
bodiment in this invention. 

Fig. 2 is a timing chart showing an example of a 
transmission signal in the case of transmission data 
from a base station to a mobile station in the mobile 

25 communication system. 

Fig. 3 is a timing chart showing an example of a 
transmission signal in the case of transmission data 
from a mobile station to a base station in the mobile 
communication system. 

30 Fig. 4 is a timing chart showing another example of 
a transmission signal in the case of transmission 
data from a base station to a mobile station in the 
mobile communication system. 
Fig. 5 is a timing chart showing another example of 

35 a transmission signal in the case of transmission 

data from a base station to a mobile station in the 
mobile communication system. 
Fig. 6 is a timing chart showing another example of 
a transmission signal in the case of transmission 

40 data from a mobile station to a base station in the 

mobile communication system. 
Fig. 7 is a block diagram showing a structural ex- 
ample of a conventional mobile data communica- 
tion system. 

45 Fig. 8 is a conceptual diagram showing the frame 

constitution of data (signal) which is transmitted be- 
tween data communication units in the conventional 
mobile communication system. 
Fig. 9 is a timing chart showing an example of a 

50 transmission signal which is exchanged between 
data communication units in the conventional mo- 
bile communication system. 

Best Mode for Carrying Out the Invention 

55 

[0021 ] The best mode for carrying out the present in- 
vention will now be described with reference to the draw- 
ings. 
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[0022] Fig. 1 is a block diagram showing the structure 
of a mobile communication system in a preferred em- 
bodiment of this invention. In Fig. 1 , the same numeric 
symbols have been applied to parts which are common 
with the device shown in Fig. 7, and a description thereof 
will be omitted. While mobile stations 70, 80 and 90, and 
base station 10, shown in Fig. 1 , have the same internal 
constitution as mobile station 10 and base station 40 
shown in Fig. 7, they differ significantly on the points that 
data transmission is carried out by the CDMA method, 
and that the channel for the data transmission is used 
by dividing it into a forward channel and a backward 
channel. Additionally, data communication unit 54 and 
the data communication units (not shown) in each mo- 
bile station differ from data communication unit 52 
shown in Fig. 7 with regard to the retransmission control 
method. 

[0023] An explanation will first be made of an example 
of a packet data communication which is carried out be- 
tween each mobile station 70, 80 and 90, and base sta- 
tion 1 00 with reference to the system shown in Fig. 1 . A 
CDMA method is adopted for the packet data commu- 
nication between the base station and the mobile sta- 
tions. Base station 1 00 transmits a signal to mobile sta- 
tions 70, 80 and 90 using codes (spreading code) A, B 
and C. On the other hand, mobile stations 70 : 80 and 
90 transmit a signal to base station 1 00 using codes A', 
B' and C\ Herein, each channel corresponding to codes 
A, B and C is a forward channel, and each channel cor- 
responding to codes A', B' and C is a backward channel. 
Additionally, base station 100 determines each code is 
decided and notifies each mobile station, for example. 
[0024] The transmission timing of a signal in the back- 
ward channel is assigned to a frame which is divided 
into three parts. An example or the assignment is shown 
in Fig. 2. In the example shown in Fig. 2, the first trans- 
mission timing corresponding to the frame head is as- 
signed to mobile station 70, the second transmission 
timing corresponding to the frame center is assigned to 
mobile station 80, and the third transmission timing cor- 
responding to the frame end is assigned to mobile sta- 
tion 90. in advance. An explanation will now be made of 
a data communication procedure where the above-de- 
scribed assignment has been carried out. Additionally, 
a single packet is normally transmitted by dividing into 
a plurality of frames. 

[0025] An explanation will first be made of a case 
where base station 100 transmits data to each mobile 
station at the same time. First, base station 100 trans- 
mits to mobile station 70 the first forward signal (forward 
control signal and user data signal) a1 using code A at 
the first frame. When mobile station 70 receives forward 
signal a1 at the first frame, mobile station 70 transmits 
the receiving acknowledgment signal (backward control 
signal ACKal) of forward signal a1 by using code A' at 
the first transmission timing in the second frame. 
[0026] Base station 1 00 also transmits forward signal 
a2 by using code A at the second frame and transmits 



newly occurring packets to mobile station 90 as forward 
signal c1 using code C. At this time, base station 100 
receives backward control signal ACKal from mobile 
station 70, and recognizes that mobile station 70 cor- 
5 rectly receives forward signal a1 . 

[0027] Additionally, this discussion assumes that an 
error occurs in a radio transmission line to forward signal 
a2, and transmission is not carried out correctly to mo- 
bile station 70. In this case, mobile station 70 cannot 
10 receive forward signal a2, so that mobile station 70 
transmits the retransmission request signal (backward 
control signal NAKa2) using code A* at the first trans- 
mission timing of the third frame. On the other hand, mo- 
bile station 90 can receive forward signal d , so that mo- 
rs bile station 90 transmits backward control signal ACKd 
using code C at the third transmission timing of the third 
frame. 

[0028] On the other hand, base station 1 00 transmits 
forward signal a3 using code A and forward signal c2 

20 using code C at the third frame. Furthermore, base sta- 
tion 100 transmits newly occurring packets to mobile 
station 80 as forward signal b1 using code B. At this 
time, base station 1 00 receives backward signal N AKa2 
which is transmitted from mobile station 70 and back- 

25 ward control signal ACKd which is transmitted from 
mobile station 90. As a result, base station 100 recog- 
nizes that forward signal a2 is not received correctly by 
mobile station 70 and forward signal d is received cor- 
rectly by mobile station 90. 

30 [0029] At the mobile station side, mobile station 70 re- 
ceives forward signal a3 and transmits backward control 
signal ACKa3 using code A' at the first transmission tim- 
ing of the forth frame. Mobile station 80 receives forward 
signal b1 , and transmits backward control signal ACKbl 

35 using code B' at the second transmission timing of the 
forth frame. Furthermore, mobile station 90 receives for- 
ward signal c2, and transmits backward control signal 
ACKc2 using code C at the third transmission timing of 
the forth frame. 

40 [0030] On the other hand, base station 100 receives 
backward control signal NAKa2 at the third frame, so 
that base station 100 retransmits forward signal a2 us- 
ing code A at the forth frame. In the case where the re- 
transmission succeeds, the signal which is transmitted 

45 to mobile station 70 at the forth frame becomes forward 
signal a4. In the forth frame, base station 1 00 transmits 
forward signal b2 using code B, and transmits forward 
signal c3 using code C. 

[0031] Next, Fig. 3 shows an example where each 
50 mobile station transmits data to base station 100 at the 
same time. In this example, the transmission timing of 
the backward control signal is assigned for each mobile 
station in the same manner as in the above example. In 
Fig. 2. the procedure is carried out by exchanging the 
55 transmission side and the receiving side. In other words, 
with the exception that the transmission and receiving 
sides are exchanged, the procedure in this case is the 
same way as above. 
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[0032] As described above, in this embodiment, pack- 
ets are transmitted while retransmission is carried out 
at each frame. 

[0033] In the example shown in Fig. 2, there is no user 
data transmitted from the mobile station side, so that 
each mobile station transmits only the backward control 
signal. However, if all mobile stations transmit the back- 
ward control signal with an equivalent timing, then the 
interference power increases remarkably, and the com- 
munication quality deteriorates. Therefore, in the exam- 
ples shown in Fig. 2 and Fig, 3, the transmission timing 
of the backward control signal is divided into three sec- 
tions. The first transmission timing is assigned to mobile 
station 70, the second transmission timing is assigned 
to mobile station 80, and the third transmission timing is 
assigned to mobile station 90. As a result, the transmis- 
sion timing of the signal disperses, so that it is possible 
to decrease the interference power between the signals. 
Thus, it is possible to maintain high quality in the com- 
munication line. 

[0034] However, the transmission timing of the back- 
ward control signal is not limited to three sections. For 
example, n transmission timings may be prepared, and 
then the transmission timing may be set by using the 
remainder which is obtained when a natural number par- 
ticular to each mobile station (the station number, for 
example) is divided by n. If a certain amount of deviation 
in traffic is permitted, then it is possible to disperse the 
transmission timing by this method. 
[0035] Furthermore, base station 100 may set the 
transmission timing of each mobile station, and it may 
notify each mobile station of the set transmission timing. 
In this case, although it is necessary to for base station 
1 00 to notify each mobile station of the transmission tim- 
ing, it is possible to carry out the optimal timing control 
without the traffic deviation. Additionally, if the transmis- 
sion of the backward control signal to be transmitted is 
scheduled in base station 1 00, it is possible to carry out 
the most suitable timing control. In practice, there are 
transmission delays in the radio intervals and signal 
process delays, but these delays can change according 
to the characteristics of the communication system, and 
are matters to be considered suitably according to the 
actual communication system. 

[0036] However, when the forward control signal is 
not received correctly, it is not possible to easily deter- 
mine which frame was not received. However, we will 
omit a description of the ARQ control algorithm at the 
receiving side, since it does not relate to this invention 
directly. 

[0037] Incidentally, in general, the backward control 
signal consists of about ten bits, or of about from twenty 
bits to thirty bits when the error correction encoding etc. , 
is considered. In contrast, the length of the user data in 
the forward signal is 300 bits or more, in general. There- 
fore, it is ordinarily possible to set the transmission tim- 
ing of the backward control signal to 10 parts or more. 
[0038] Furthermore, if the backward control signal is 



spread by using a code which has high processing gain, 
then it is possible to decrease the transmission power, 
although the transmission time becomes longer. Fur- 
ther, it is also possible to obtain the same effect if the 

5 processing gain is increased equivalently by repeatedly 
using the spread code. That is, if the transmission time 
in the backward channel becomes equal to the trans- 
mission time in the forward channel by sufficiently in- 
creasing the processing gain, then it is possible to even- 

10 out the traffic because continuous transmission is also 
carried out in the backward channel. 
[0039] Fig. 4 is a timing chart showing an example of 
the state in which a signal is transmitted and received 
between base station 100 and each mobile station 70, 

15 80 and 90, when continuoustransmission and lowtrans- 
mission power has been realized by increasing the 
processing gain of the backward control signal Fig. 4 
shows the case where base station 1 00 transmits data 
to each mobile station 70, 80 and 90. In this example, 

20 the transmission power is decreased by lengthening the 
transmission time to increase the processing gain of the 
backward channel. As is clear from this timing chart, the 
transmission bit rate of each backward control signal is 
slow, so that even if the backward control signals from 

25 each mobile station overlap, traffic does not concentrate 
to a degree which would cause interference. Further- 
more, the transmission time of each backward control 
signal is long, so that a sudden change in the total 
amount of traffic does not readily occur. Thus, the prob- 

30 ability of interference occurring is constrained to a low 
level. 

[0040] Additionally, although the above example em- 
ployed the case where the code of the backward chan- 
nel was a number particular to the mobile station, in the 

35 case where the base station carries out the burst trans- 
mission to designate the transmission timing, it is pos- 
sible through time division to share a backward channel 
used in common by a plurality of mobile stations. An ex- 
ample of the state wherein a signal is transmitted and 

40 received between base station 1 00 and each mobile sta- 
tion 70, 80 and 90, in the case where mobile stations 
70, 80 and 90 use a common backward channel in this 
embodiment, is shown in Fig. 5 and Fig. 6. 
[0041 ] Fig. 5 is a timing chart for the case where data 

45 is transmitted from base station 100 to mobile stations 
70, 80 and 90, and Fig. 6 is a timing chart for the case 
where data is transmitted from mobile stations 70, 80 
and 90 to base station 1 00. The state of the data com- 
munication shown in these figures is the same as that 

50 shown in Fig. 2 and Fig. 3, so that a description thereof 
is omitted. However, the example shown in Fig. 5 differs 
from the example shown in Fig. 2 only in that mobile 
stations 80 and 90 use code A' to transmit the backward 
control signal, and do not use codes B* and C. 

55 [0042] The example shown in Fig. 5 and Fig. 6 is ef- 
fective for the case where the number of codes (the 
number of channels) is not enough with respect to the 
number of mobile stations. Additionally, this example is 
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also effective in enabling reduction in the scale of a de- 
modulation circuit. For example, if only a single channel 
is designated as the backward channel for all of the mo- 
bile stations, then the demodulation circuit in base sta- 
tion 100 is acceptable provided it is able to demodulate 
a number of signals which is one greater than the for- 
ward channel number. 



Claims 



2. 



A retransmission control method for a CDMA mobile 
communication system in which user data are uni- 
directionally transmitted in packets from a sending 
side to a receiving side between a base station and 
a plurality of mobile stations, said method compris- 
ing the following steps: 

establishing a plurality of forward and backward 
channels in pairs, each of which is assigned for 
communication between said base station and 
one of said plurality of mobile stations and each 
assigned a different spread code, a backward 
channel of each pair being assigned a spread 
code of a higher process gain than a spread 
code assigned to the forward channel of the 
same pair; 

dividing each of said packets into a plurality of 
frames at said sending side; 

transmitting said frames from said sending side 
to said receiving side through said forward 
channels; 

upon each receipt of one frame, transmitting 
from said receiving side to said sending side 
through said backward channels, a backward 
control signal that indicates whether or not said 
one frame has been received correctly at said 
receiving side, said backward control signals 
being transmitted through said backward chan- 
nels with lower transmission power than that 
with which said frames are transmitted through 
said forward channels; and 

retransmitting, from said sending side to said 
receiving side through said forward channels a 
frame which is indicated, by said backward con- 
trol signal, not to be received correctly at said 
receiving side. 

A retransmission control method as recited in claim 
1 , wherein said spread code assigned to said back- 
ward channel is a repetition of a same spread code 
which is applied to said backward control signal to 
stretch a transmission time of said backward control 
signal. 
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35 4. 



40 



45 



50 



55 



A base station control apparatus for controlling a 
base station in a CDMA mobile communication sys- 
tem in which user data are unidirectionally transmit- 
ted in packets from said base station to a plurality 
of mobile stations, said apparatus comprising: 

a dividing means for dividing each of said pack- 
ets into a plurality of frames; 

a user data transmitting means for transmitting 
said frames to one mobile station through a for- 
ward channel which is assigned to said one mo- 
bile station, using a spread code which is as- 
signed to said forward channel; 

a control signal receiving means for receiving 
a backward control signal, that indicates wheth- 
er or not one frame has been received correctly 
at said one mobile station, from said one mobile 
station through a backward channel which is 
assigned to said one mobile station, using a 
spread code which is assigned to said back- 
ward channel, with lower transmission power 
than that with which said one frame is transmit- 
ted through said forward channel, said spread 
code having higher processing gain than that 
by which said one frame is transmitted through 
said forward channel; and 

a retransmitting means for retransmitting a 
frame which is indicated, by said backward con- 
trol signal, not to be received correctly at said 
one mobile station. 

A base station control apparatus for controlling a 
base station in a CDMA mobile communication sys- 
tem in which user data are unidirectionally transmit- 
ted in packets from a plurality of mobile stations to 
said base station, said apparatus comprising: 

a user data receiving means for receiving 
frames, which are divided parts of said packets, 
from one mobile station through a forward 
channel which is assigned to said one mobile 
station, using a spread code which is assigned 
to said forward channel; and 

a control signal transmitting means for trans- 
mitting a backward control signal, that indicates 
whether or not one frame has been received 
correctly at said base station, to said one mo- 
bile station through a backward channel which 
is assigned to said one mobile station, using a 
spread code which is assigned to said back- 
ward channel with lower transmission power 
than that with which said one frame is transmit- 
ted through said forward channel, said spread 
code having higher processing gain than that 
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by which said one frame is transmitted through 
said forward channel. 

5. A base station control apparatus as recited in claims 

3 or 4, wherein said spread code assigned to said 5 
backward channel is a repetition of a same spread 
code which is applied to said backward control sig- 
nal to stretch a transmission time of said backward 
control signal. 

10 

6. A base station control apparatus as recited in claim 
3, wherein there are further provided: 

a data communication unit, which is connected 

to a public telephone network, and 15 

a switching apparatus provided between said 
data communication unit and said base station, 

and said dividing means, said user data trans- 20 
mitting means, said control signal receiving 
means, and said retransmitting means are pro- 
vided in said data communication unit. 



7. A base station control apparatus as recited in claim 25 
4, wherein there are further provided: 



than that with which said one frame is transmit- 
ted through said forward channel, said spread 
code having higher processing gain than that 
by which said one frame is transmitted through 
said forward channel; and 

a retransmitting means for retransmitting a 
frame which is indicated, by said backward con- 
trol signal, not to be received correctly at said 
base station. 

9. A mobile station apparatus for a CDMA mobile com- 
munication system in which user data are unidirec- 
tionally transmitted in packets from a base station 
to a plurality of mobile stations, said apparatus com- 
prising: 

a user data receiving means for receiving 
frames, which are divided parts of said packets, 
from said base station through an assigned for- 
ward channel, using a spread code which is as- 
signed to said forward channel; and 

a control signal transmitting means for trans- 
mitting a backward control signal, that indicates 
whether or not one frame has been received 
correctly, to said base station through an as- 
signed backward channel, using a spread code 
which is assigned to said backward channel 
with lower transmission power than that with 
which said one frame is transmitted through 
said forward channel, said spread code having 
higher processing gain than that by which said 
one frame is transmitted through said forward 
channel. 

10. A mobile station apparatus as recited in claims 8 or 
9, wherein said spread code assigned to said back- 
ward channel is repetition of a same spread code 
which is applied to said backward control signal to 
stretch a transmission time of said backward control 
signal. 



a data communication unit, which is connected 
to a public telephone network, and 

30 

a switching apparatus provided between said 
data communication unit and said base station, 

and said user data receiving means and said 
control signal transmitting means are provided 35 
in said data communication unit. 

8. A mobile station apparatus for a CDMA mobile com- 
munication system in which user data are unidirec- 
tionally transmitted in packets from a plurality of mo- *o 
bile stations to a base station, said apparatus com- 
prising: 

a dividing means for dividing each of said pack- 
ets into a plurality of frames; 45 

a user data transmitting means for transmitting 
said frames to said base station through an as- 
signed forward channel, using a spread code 
which is assigned to said forward channel; 50 

a control signal receiving means for receiving 
a backward control signal, that indicates wheth- 
er or not one frame has been received correctly 
at said base station, from said base station 55 
through an assigned backward channel, using 
a spread code which is assigned to said back- 
ward channel with lower transmission power 
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